Regulation 17 from the Water Services Act 108 (1997) is currently being implemented for the classification of wastewater treatment facilities and process controllers in South Africa. Green Drop Assessments (an incentivebased programme for wastewater treatment works) place a large focus on Regulation 17 compliance, which replaces Regulation 2834. Over the years, a lack of enforcement of Regulation 2834 has resulted in the incorrect appointment of staff. Many municipalities are therefore struggling to meet the Regulation, which requires appointment of the correct skill level staff to corresponding treatment facilities. The purpose of this paper is to identify the common problems experienced by municipalities, more specifically by the eThekwini Metro Municipality, and to identify possible solutions for closing the gaps. The four key problem areas identified were: imbalanced staff allocation, lack of education amongst staff, lack of experience amongst staff and the need for grandparenting assessments. The solution began with the correct classification of plants and staff, and included education drives and training programmes in addition to staff reallocation methods. These initiatives form part of both a short-term gap-closing strategy and a broader long-term sustainable plan for compliance with Regulation 17, enhanced process control at a plant level and ultimately the acquisition of Greens Drops, as part of the Green Drop Assessments.
Introduction
Regulation 17 is a draft regulation that forms part of the Water Services Act 108 (1997) (Government of South Africa, 2011a). The regulation is a directive for all wastewater and water treatment plants, and specifies best practice in terms of staff allocation at treatment facilities. Its purpose is to ensure that all process controllers are classified based on their academic qualifications and their experience in the field. It also calls for all treatment works to be classified based on the size of the facility and the complexity of the plants. The regulation aligns the classifications of the works with the classification of the process controllers, with the aim of ensuring that the staff assigned to a particular works have the appropriate skills for the effective and sustainable operation of that plant. Regulation 17 will result in the repeal of Regulation 2834 which is currently being used for this purpose. Regulation 2834 was published under government notice on 27 December 1985 and is part of the Water Act of 1956 (Government of South Africa, 1985) ; since then, there have been no amendments to the Act. With changing times, technology has advanced and new qualifications have emerged. Gaps in the old regulation became apparent and thus the need for Regulation 17 arose. Draft Regulation 17 was submitted to the Chief State Law Adviser in 2011. In 2012, it was presented to the National Economic Development and Labour Council and schedule III from the regulation was implemented (Makate, 2013) . Currently, approval from the government's legal services is being awaited before the regulation may go for public comment. Regulation 17 is an improvement of Regulation 2834 and includes additional aspects which were not considered previously. Under Regulation 2834, a process controller's classification did not expire, and one of the most significant changes made in Regulation 17 is that all process controllers will be registered at a specific classification for a period of 5 years only, after which their registration will have to be renewed. In order to maintain or upgrade the classification awarded, process controllers will be required to undergo continuous refresher training. This will enable and ensure operational staff (to) keep current with changes in technology and in the industry in general. The regulation now also recognizes National Qualifications Framework (NQF) level qualifications and has introduced a new class of process controllers (Class VI)this class caters for professionals who are in possession of degrees etc. A common occurrence observed is that of staff members who have operated a plant for many years (.15 years) but do not have the required academic qualifications. Furthermore, they are now too old to obtain them. Under previous regulations, this has prevented them from obtaining a classification higher than class 0 or I. With Regulation 17, a 'grandparent' class has been introduced, consisting of an assessment of the individual, specific to his or her plant. The process controller is then granted a classification higher than Class 0 for that specific plant. All wastewater treatment plants will now have to be supervised by a Class V process controller with a maintenance team on 24-hour standby.
With the introduction of Green Drop Assessments, a large focus has been placed on Regulation 17. Green drop certification is an incentive-based programme for wastewater treatment works launched by the Department of Water Affairs, in order to regulate wastewater treatment facilities in an effort to ensure continual improvement of plant operations. The assessment or audit process evaluates treatment facilities on a number of criteria. There is now a drive to up-skill staff and improve compliance with Regulation 17, in order ultimately to achieve Green Drop Compliance. Regulation 17 forms part of Criterion 1 which is focused on plant and process controller classifications and maintenance teams. The eThekwini Metropolitan Municipality has been through three assessments thus far and non-compliance with Regulation 17 was identified as one of the most common problems amongst the 27 works run by the municipality. This paper seeks to serve as a general guideline for attaining compliance with Regulation 17. eThekwini's experience and approach in this regard will be used as a case study to illustrate a universal approach applicable to all municipalities in South Africa.
Method
In previous years, Regulation 2834 was not enforced adequately. There has been a lack of focus with respect to the skill level of process control staff, particularly at wastewater treatment facilities. This has resulted in a misalignment of the skill levels of staff to plant complexity. This is, in part, due to municipalities not being incentivised or forced to comply with the regulation. Over time, most plants have fallen victim to this trend and are staffed incorrectly. With the establishment of the Green Drop Assessments, municipalities are now required to comply with Regulation 17/2834 in order to achieve Green Drop status. This is now assessed within the Green Drop Audit and thus provides the aforementioned incentive. A large focus is placed on compliance with this regulation, forcing municipalities to make changes to correct the sometimes negligent attitude taken towards Regulation 2834 in the past. In order to eliminate these noncompliances, a structured approach had to be developed to address them, which is outlined in Figure 1 .
This process first involves study of the regulation itself, to know exactly what is expected for each class of plant. This is done whilst simultaneously collecting all the relevant data to assess the status on the ground, to know exactly what is available for each specific plant. Once completed, a gap analysis is conducted to compare the current status with the desired status of compliance with the regulation. This ultimately identifies the shortfalls and makes evident the challenges to be faced. Once this assessment is completed, solutions to the problems can be developed. Each problem may have single or multiple causes and solutions. These challenges may be interrelated and the correcting of one wrong may lessen the magnitude of others. The best possible solution that can be implemented, in the shortest amount of time, must be determined. This is an iterative process and it is best to revisit the gap analysis to gauge the effect of implementation. The process, however, does not end with achieving compliance with Regulation 17. Once achieved, maintenance programmes must then be formulated to cater for the continuous training and development required.
Results and discussion

Information gathering and interpretation
The first step is to interpret the regulation requirements and gather all required information pertaining to the plant, staff and maintenance team, so that the current status can be assessed. This is a preparatory phase and must be completed before moving forward. Regulation 17 classifies treatment works from Class A to Class E. Class A works are large complex plants, whilst Class E works are small simple works, such as a pond system. Works are classed according to populations supplied, infrastructure, inflow quality, process parameters and control methods, as well as by the sensitivity of the receiving body. They are scored on each aspect and given a classification based on that score. For example, in order to be classified as an A works, a wastewater treatment works must have scored above 70 points (see Table 1 ).
All process controllers must apply for classification by submitting an application form along with supporting documentation (ID documents, matriculation certificates (matric), etc.) through the electronic Green Drop System accessed via the Department of Water Affairs website. Process controllers are classified from Class 0 to Class VIand now, additionally, the 'grandparent' class. This process assesses the academic qualification of the process controller as well as the number of years of relevant experience (as depicted in Table 2 ). Process controllers are then awarded their classification based on this. For example, in order to be awarded a Class V certificate, a process controller requires a minimum of 15 years' experience, a matriculation certificate, as well as an N3 (wastewater treatment) qualification.
Once all process controllers have been registered and all works classified, the regulation then specifies what level or class of process controller should be assigned to each plant. Under Regulation 17, Class V supervision will be required for all classes of works; Class C to E supervisors do not have to be at the works at all times but must be available on standby (see Table 3 ).
Regulation 17 introduces a training requirement for process controllers. Once a process controller has been classified, he or she must now maintain the classification. If it cannot be proved that sufficient refresher training has been attended within a 5-year period, the process controller is at risk of losing his or her classification. Training requirements are depicted in Table 4 . In the eThekwini Municipality, a data gathering exercise had to be completed for treatment works and the staff at each works. For the treatment works, information on decommissioning of equipment at plants, as well as upgrades to plants had to be sourced. This affected the classification of the plants, as all plants now have to be classified according to Regulation 17. This responsibility fell on the Area Engineers as they were all aware of changes that took place at their plants over the years. The second part of data gathering was to obtain the classifications of each staff member, so that this information could be compared to the requirements for which works. The data gathering exercise is a time consuming and tedious process. Understanding the regulation requirements is of no use if it cannot be compared to the current status at a works. Common challenges encountered during the data gathering phase included scarcity and unavailability of data, a lack of commitment and resistance from staff, and problems with the coordination of large amounts of information.
Important points when embarking on a data gathering drive include the following:
1. Have one dedicated person or team coordinating the data gathering. In this way, all the information passes through a central point and it becomes easier to manage the information gathering as well as to ensure consistency. 2. Communicate what is required and what can be expected, including the benefits, to staff at various levels. If staff understand what is asked of them and why, they will generally be less inclined to resist. 
Class IV Class V * Does not have to be at the works at all times but must be available at all times. If the owner of a WWTW has no person of this class employed at that works, a contractor/consultant with the required qualifications as prescribed in Schedule III in respect of that particular class of persons, should be appointed to visit the works on a weekly basis. 3. Decide upfront what data you need and how you are going to record and compare the data. This need not be a sophisticated computerized database and can be on paper. The important point to note is that, in whichever way the data are stored, it must be simple to access and compare. Table 5 provides examples of the challenges faced in eThekwini and the solutions reached. An example of the eThekwini staff database used for the Gap analysis is shown in Table 6 . New staff files were created for process controllers at the central works branch. This was used to populate the database. The staff database contained the name of the staff member and their ID number. If their identity document was on file, a cross was placed under 'ID in File?'. The database also contained information on the number of years of experience, the date of appointment and whether or not an application for Table 5 . eThekwini challenges and solutions.
Challenges Solutions
1. Not all process controllers were registered. This makes classification very difficult.
1. The eThekwini Works Branch launched a drive to get all process controllers registered as phase one for the 2010 Green Drop Assessments. This initiative was coordinated by the Green Drop Task Team. 2. The data were scattered. The information had to be sourced from staff at 27 different treatment works on an individual basis.
2. All staff were given the opportunity to have their information delivered at the Water and Sanitation Building in Prior Road, Durban. This was done either personally or via the superintendent during working hours. 3. Some resistance from staff was experienced. Many had lost their qualifications and were not eager to go through the effort of obtaining replacements.
3. Training sessions were held with all process controllers. An explanation of the new regulation describing what is expected of them and how they may benefit from being registered correctly was given. The consequences of not being registered were also conveyed. Once process controllers were educated on the matter, the resistance subsided. 4. Someone had to be tasked with the duty of having all process controllers registered and ensuring that the applications contained accurate information.
4. The works clerk was assigned with the duty of having process controllers registered. She received these applications, verified the information on the applications from staff files and uploaded these applications to the Green Drop System. After much time and dedication, all process controllers have now been classified at eThekwini. It is now policy that, as new process controllers are appointed, applications for classification are done immediately. 5. The information had to be collated and displayed in an easy and usable manner which was not the case at the time. The existing staff database was insufficient.
5. Once all staff were classified, a tool for assessing the current status at the works had to be developed. This resulted in the creation of the new staff database. This database contained the names of all 27 wastewater treatment plants arranged according to service areas. A list of process controllers was compiled for each works. For each process controller, number of years of experience, academic qualifications and classifications were listed. It was now easy to determine current compliance with Regulation 17. 
Gap analysis
A gap analysis was carried out in order to identify the shortfalls that existed with respect to Regulation 17. This was done at three different levels, i.e. at branch scale, at plant scale and on an individual scale. eThekwini looked at Regulation 17 in terms of the minimum class of process controller required per shift, the supervision required, and the operation and maintenance support services required. This was done per plant and per shift and then compared to the current situation at the plants. The information was extracted from the fully populated staff database. It must be noted that the requirements set out by Regulation 17 are of a minimum basis. This means that the listed numbers of staff specified are only those staff members with the required skill level. Lower level staff are still essential for the operation of each plant but they are not specified within the regulation.
At a branch or organizational level, the requirements in terms of Regulation 17 need to be looked at holistically. Requirements must be compiled irrespective of staff allocation to the plant to determine if the organization has enough resources to comply with the legislation. eThekwini looked at the total number of Class V to Class 0 process controllers required. In this way, we could identify imbalances with respect to staff from plant to plant. For example, if a total of 20 Class V process controllers were required at branch level and these were available, then the organization had sufficient resources. However, if some of the plants requiring Class V process controllers did not have them, this is an indication that an imbalance exists from plant to plant; this means that, although we may have the correct number of Class V process controllers, they are not allocated to plants correctly.
At a plant level, compliance with legislation needs to be determined for the plant as a whole and, furthermore, on a shift by shift basis. eThekwini examined the requirements per plant and determined whether or not they had the correct number of adequately classified staff per plant. For example, if a Class A plant was running on a three shift system, it was determined whether or not they had four Class V process controllers and four Class IV process controllers. If this was so, it was then established whether or not one Class V and one Class IV process controller was allocated per shift. If two class V controllers were on the same shift, this would constitute an imbalance on a shift basis. (Note that a relief shift is always included and therefore a three shift system will, in essence, have four shifts in total.) On an individual basis, a process controller's experience, his or her qualifications and whether or not they were eligible for the grandparent class needed to be examined. For example, a process controller may have a matric and 15 years' experience but not hold an N3 (wastewater treatment) and is therefore Class I instead of Class V. Another consideration on an individual level was whether or not staff were receiving the correct number of hours of refresher training as specified by the regulation. By going through the gap analysis process it was possible to define the extent and types of non-compliance and put measures in place in order to close these gaps.
Four key problem areas were identified from the gap analysis at branch level, plant level and at an individual level: 1. imbalances; 2. lack of education; 3. lack of experience; and 4. grandparenting required.
Proposed solutions
By examining the elements of the gap analysis, a gap to organizational level matrix was created (see Figure 2 ). Some of the problems are interrelated and fixing one may alleviate another. Imbalances existed on a global or branch scale (from plant to plant), as well as at a plant scale (from shift to shift). In order to eradicate these imbalances, staff members needed to be moved from one plant to another and from one shift to another. Whereas moving staff from one shift to another is a fairly easy process, moving staff from one plant to another has proved to be more difficult. The introduction of a transfer window period may allow staff to move across from one plant to another. In order to achieve the required results, staff may need some sort of incentive or motivation to move. One form of incentive is to have staff moved to plants closer to home. Many staff members take positions at plants far from home in order to take advantage of a promotion, despite the location. These people are likely to want to move closer to home, and be people who would have developed and increased in classification over time, and thus they are ideal candidates for participation in the transfer window. The transfer window is a quick, short-term solution. A more long-term solution is a complete reshuffle of staff, based on their qualifications and locations. This would take more time to plan and legal routes will have to be followed such as receiving approval and acceptance from the union to prevent resistance. This long-term solution would require more data gathering and someone dedicated to this effort. A common occurrence at the eThekwini Municipality is the appointment of staff into the senior process controller's position without them being a Class V operator. This is one of the core reasons for imbalances of staff. In order to remedy this, adjustment of the job description to include Class V as a minimum requirement must be considered. If a class IV is to be placed in this position, the post must specify that he must progress to a Class V within a 2-year time period at maximum. Performance notches should also be granted to staff when they progress to a higher classification as this will motivate them in the form of incentive. It must be noted that in the case of eThekwini the organizational structure was not equipped or aligned with Regulation 2834 or 17. This in itself has led to an imbalance as some plants do not have process control staff assigned to them at all. To rectify this, a complete restructure of the Treatment Works Branch has begun in order to address non-compliances with the legislation. The second problem is the lack of education amongst staff. It was very common that process controllers had sufficient experience but not enough education. A number of staff members also lacked matric in addition to an N3 (water and wastewater treatment). Education can be addressed at two levels, a global scale and on an individual basis. By assessing all staff on an individual basis one can establish whether or not it will make sense to educate staff across the board. For example, a programme should be created to have all process controllers educated to matric level. eThekwini water and sanitation has an assisted education programme for staff members who would like to further their education. Applications for this programme open in October each year. Works Area Engineers should have meetings with all their staff, and using the staff database, determine the best education route per person. Applications must then be compiled and submitted. This process can be used to complete the N3 (water and wastewater treatment) qualification. However, staff may not wish to study and some sort of incentivising is required again. The Water Institute of South Africa (WISA) has now proposed professionalization of the process controller positions. This will result in an up-classing of process controllers and provide the framework for scarce skills remuneration
The third problem is a lack of experience. There is not much one can do to directly increase experience. However two interrelations exist within the problems and by fixing those one can eliminate the experience problem. For example, a Class III process controller may not be suitable for a Class A works, however by eliminating imbalances and having the process controller moved to a Class III plant, he will not require more experience as he will be appropriate at this plant. Another interrelationship that exists is that between education and experience. By increasing ones education level, less experience is required to obtain the same classification. For example, whereas a process controller with matric and N3 (wastewater treatment) may require 15 years' experience to become a Class V controller, a process controller with a National Diploma in Chemical Engineering will only require 6 years' experience and a process controller with a B. Tech., Degree in Chemical Engineering will only require 4 years' experience.
The last problem is that of the grandparent class. Many of the process controllers have a large amount of experience but some are without even as much education as a grade 8 high school qualification, in which case, requests must be made to have these process controllers assessed and awarded with a grandparent classification. An interrelationship does occur between education and grandparenting. Where possible, if these process controllers can be educated, it will eliminate the need for the grandparent class.
Maintenance
With the new training requirements stipulated by Regulation 17, staff are required to undergo a certain amount of training and refresher training every year. Process controllers are given a 5-year cycle to progress with 10 unit standards for Classes V and VI, and 30 for Classes I to IV. If, at the end of the 5-year cycle, he/she has not covered the required number of hours, he/she may be at risk of losing that classification. Therefore, programmes to maintain these classifications must be created: training and development programmes are the solution here, including in-house as well as external training. At eThekwini, a needs analysis has already taken place to determine the current training requirements, as well as those going forward. Training will be offered at a unit level integrated into an existing Workplace Skills Plan, as well as by an internal training committee consisting of the plant engineers.
WISA professionalization of the process controller position is another contributor and will greatly assist with incentivising staff to keep up with their training requirements. The aim is to establish a professional body that will accredit process controllers of Class III and above as 'Professional Process Controllers', much in the same way that engineers achieve 'Pr. Eng.' (professional engineer) status through the Engineering Council of South Africa. In so doing, the profile of the process controller greatly increases and the potential for scarce skills remuneration for professional process controllers will further incentivise existing staff to keep their registrations current or even upgrade them. There may also be the opportunity to entice young graduates, etc., to become process controllers.
Conclusion
In order to achieve compliance with Regulation 17, every municipality requires a tailored approach that is specific to that municipality. Multiple solutions may exist at multiple levels for all the different problems, along with many interrelationships. The combination of solutions chosen must be synergistic and complement each other such that it can achieve the best results in the shortest possible manner on a global, plant and individual scale. Some of these solutions are short term while others are long term. But the combination will ultimately achieve the goal of complying with Regulation 17, and thus greatly increase the chances of achieving Green Drops and maintaining sustainable water and wastewater treatment for years to come.
